The climate change expected for the coming years can cause large economic losses and a strong impact on intestinal parasites of ruminants throughout the world. In this sense, organisms belonging to the class trematoda seem to be highly sensitive to any changes in the patterns of temperature and rainfall caused by possible climate change. So, maps were elaborated forecasting current and future risk to Fasciola hepatica in the state of Espírito Santo, Southeast of Brazil, using as a base increases in the temperature ranging from 1°C to 5°C. Environmental and climatic factors like temperature, rainfall, altitude and declivity were used for generation of maps bioclimatic risk of fasciolosis through of the ArcGIS/ArcInfo 10.1 Software. High-risk areas resulted in a total of 35.42% for the current risk and tended to decrease with increases in temperature over the next 100 years, which favored a reduction of 35.42% to 33.84% in these regions. The places included in the of low risk areas showed significant increases in their areas for temperatures up to 5°C with values ranging from 24.65% to 28.26% of their areas. These forecasting models using increases in temperatures in the generation of risk maps to F. hepatica were first made in Brazil and like the others, represented a tendency to aid in policy making animal and human health oriented regions shown to be potentially suitable for the risk of bovine fasciolosis. Key words: Geographic Information System (GIS), climate change, Fasciola hepatica, cattle
Introduction
Fasciolosis is a parasitic disease in Brazil that is mostly caused by the trematode Fasciola hepatica. Cattle and sheep are the main hosts of Fasciola hepatica (SIMSEK et al., 2011) , but other domestic animals such as buffaloes, pigs, horses besides humans, may also be susceptible (TUM et al., 2004) .
F. hepatica is responsible for various economic losses: reduced production of meat, milk, and wool, the disposal of contaminated livers in slaughterhouses, decreased strength and fertility in certain animals and an increased predisposition to other diseases (CUNHA et al., 2007; FOX et al., 2011) .
Linked to climatic and environmental factors, the occurrence of fasciolosis is commonly associated with regions with temperatures ranging between 10 and 26 °C (MITCHELL, 2003) . Other variables, such as slope, rainfall and the presence of wetlands, contribute effectively in maintaining aquatic molluscs of the genus Lymnaea, which are the intermediate host for the larval stages of the parasite (DUTRA et al., 2010) .
It is known that the distributions of both F. hepatica and its intermediate host occur only under adequate conditions of temperature and moisture. In this context, Ollerenshaw and Rowlands (1959) were the first researchers to develop a prediction model for the incidence of Fasciola hepatica based on meteorological data. Since that time, several studies using modeling to predict the incidence F. hepatica have been conducted to develop a system for predicting the disease in space and time (HOPE-CAWDERY et al., 1981; DE WAAL et al., 2007; KENYON et al., 2009; MAS-COMA et al., 2009; MCCANN et al., 2010; FOX et al., 2011; WALKER et al., 2011; FOX et al., 2012) .
Recently, climate change has been identified as a major driver of the increasing prevalence of diseases related to intestinal parasites because their survival depends on a number of environmental and climatological factors ( VAN DIJK et al., 2008; FOX et al., 2012) . Strong evidence of the links between climatic factors and the occurrence of fasciolosis has led to the creation of predictive models that can help prevent disease incidence on a broader scale, which has enabled the development and implementation of improved control strategies (FOX et al., 2011) .
With the development of new technologies, the Geographic Information Systems (GIS) can effectively contribute to the development of spatial risk models for fasciolosis. The GIS can incorporate environmental and climatic data for later correlation with epidemiological data regarding the prevalence of the disease and thus determine the risk factors for its occurrence (MCCANN et al., 2010) .
Risk prediction models for fasciolosis have been developed and implemented in African countries (YILMA; MALONE, 1998), Mediterranean countries (KANTZOURA et al., 2011 ), Australia (DURR et al., 2005 , Cambodia (TUM et al., 2004) , North America (MALONE et al., 1992; ZUKOWSKI et al., 1993) , and South America (FUENTES et al., 2004; FUENTES et al., 2005; FUENTES, 2006; DUTRA et al., 2010) .
Thus, in the present study, were developed bioclimatic risk maps for liver fasciolosis in Espírito Santo state in Brazil to forecast the risk using models that simulate gradual temperature increases.
Climate change on the forecasted risk of bovine fasciolosis in Espírito Santo state, Brazil
Materials and Methods

Study area
Espírito Santo state, is located from 17º53'29'' to 21º18'03'' south latitude and 39º41'18'' to 41º52'45'' longitude west of Greenwich, and together with the states of Minas Gerais, Rio de Janeiro, and São Paulo (Figure 1) , it is part of the Southeastern Region of Brazil. The territory of Espírito Santo state comprises two distinct natural regions: the coastline, which extends over an area of 400 km, and the plateau. There is a strip of plain along the Atlantic coast that represents 40% of Espírito Santo state's total area, and going inland, the plateau gives rise to a mountainous region that reaches to the Serra do Caparaó with altitudes above 1000 m (SILVA et al., 2011) . 
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Determining the factors for fasciolosis in Espírito Santo state, Brazil
For development of zoning maps for fasciolosis in Espirito Santo, were used data from a 30-year Espírito Santo is located in a coastal region, and the state is under pressure from winds, such as the semi-fixed South Atlantic anticyclone and the mobile Polar anticyclone. According to the Köppen classification, the climate is Aw, i.e., hot and humid (tropical rainy) with rains in the summer and droughts in the winter (sub-dry in August) (VIANELLO; ALVES, 1991) .
For development of zoning maps for fasciolosis in Espirito Santo, were used data from a 30-year time series that represented 110 weather stations that could facilitate statistical data interpolations and the application of the water balance according to Thornthwaite and Matter (1955) . Freitas, D. F. et al. Using a mathematical model that consisted of GIS data, the variables for predicting the risk factors were entered into a database according to their relevance to the disease. Thus, weights of 1, 2, and 3 were used to describe the suitable, restrictive, and unfit areas for fasciolosis (Table 1) . About the images matrix of altitude, temperature, rainfall and slope, we applied the "reclassification". These values were based on studies that have taken inviable temperatures below 10 °C, restricted between 10 °C to 15 °C and higher than 25 °C and considered optimum in the range from 10 °C to 26 °C (MITCHELL, 2003; RAPSCH et al., 2008) as well as favorable as those situated on altitudes from 0 to 500 m elevation above sea level, and slope values of up to 10% (TUM et al., 2004; MARTINS et al., 2012) . It is known that may be favorable altitudes higher than 1000 m, as case reports of fluke found in the Andean region (MAS-COMA et al., 2001 ), but for this study we chose the one that best represented the track condition site. 
Bioclimatic risk model
According to the latest report of the Intergovernmental Panel on Climate Change (IPCC, 2007) , it has become evident that the Earth's temperature is rising, and the projections through the end of this century indicate that increases from 1.1°C to 6.4°C in average air temperatures will occur in various regions worldwide, including Brazil and, consequently, Espírito Santo state. Given these projections and using the water balance that has already been processed, the effects of the following temperature increments were considered in the present study: +1°C, +2°C, +3°C, +4°C, and +5°C.
Statistical analysis and generating cartographic data
After the data analysis using the ArcGIS/ ArcINFO 10.1 software, spreadsheets related to the water balance were imported, which resulted in spatial point vectorization of the weather stations and their respective attribute tables. Next, multiple linear regressions were applied to the data set using the altitude and geographical coordinates latitude (Y) and longitude (X) as independent variables and the temperature as the dependent variable, both by the Universal Transverse Mercator (UTM). All of the data were available in the attribute tables from the water balance, which is described in the multiple regression equation below: Thus, latitude and longitude matrix images were generated through spatial interpolation using the spherical kriging method. These images were imported into the ArcGIS/ArcINFO 10.1 software, and the Digital Elevation Model (DEM) was generated from the Shuttle Radar Topography Mission (SRTM) project, which was made available by the Brazilian Agricultural Research Corporation at a 1:250,000 scale in a World Geodetic System (WGS) 84 cartographic projection.
For the matrix images of the current and increasing temperatures, we applied the spatial reclassification function with the goal of representing suitable, restrictive, and unfit classes for fasciolosis, and we generated reclassified matrix images for all of the attributes mentioned.
To represent more realistic risk conditions, the data were weighted using the AHP method proposed by Saaty (1977) , which prioritized the decisions concerning the problems into levels according to their respective weights. This method synthesized the values of the decision makers, which was a global measure for each alternative, and later prioritized or classified them. Next, were used the decision matrix at the fundamental scale used by Saaty. The method for developing the matrix used a comparison scale that could linearly define the hierarchy of the importance between the previously defined factors an acceptable reason Consistency 0.03.
After assigning the statistical weights of each of the vectorial polygonal classes, a function "raster calculator" was used to generate the statistical mathematical model for the bioclimatic risk of fasciolosis (BRF) represented by: 
BRF= R(Re) + S(Re) + T(Re)
Where
Results and Discussion
The Earth's climate is subject to constant change, great human invasions recorded in history was strongly given the occurrence of weather phenomena, which is no different to the many species of animals and concomitantly many of their parasites. So climate change can be understood as any change in climate over the years due to natural variability or as a result of human activity in a way that creates some discomfort for many organisms with greater or lesser intensity, favoring or harming in many cases its permanence and survival. Thus, seasonal climatic fluctuations can produce effects on the dynamics of vector-borne tropical diseases (BARCELLOS et al., 2009 ).
In relation to bovine fasciolosis, a disease transmitted by water snails of the genus Lymnaea, even subtle changes in temperature and precipitation may favor somewhat the spread of the disease, since the intermediate host of F. hepatica, benefits immediately with increasing the number of waterbody available. However, the complexity existing in the host-parasite relationships and your environment must be considered as risk maps generated using Geographic Information Systems are powerful tools for future practical recommendations to be used in strategies for control and prevention of fasciolosis in order to contribute effectively reducing the losses caused to livestock. 
In relation to bovine fasciolosis, a disease transmitted by water snails of the genus Lymnaea, even subtle changes in temperature and precipitation may favor somewhat the spread of the disease, since the intermediate host of F. hepatica, benefits immediately with increasing the number of waterbody available. Thus, the current BRF showed that of the 78 municipalities contained in the total length of the state, 35.42% were entered in the class of very high risk for fasciolosis (R4) and 24.65% in low-risk class (R1) as show in Figure 3 . It is noteworthy that the high-risk areas were generated based on suitable areas shown in Table 1 . According to Dutra et al. (2010) , most of the municipalities included in the high-risk category were found in areas where the slope values reached up to 10% and at altitudes of up to 500 m. These results highlight the importance of slope as a risk factor for fasciolosis because lower slopes lead to lower water flow velocities, which result in constantly flooded areas. These areas are a factor that is directly related to the maintenance of Lymnaea snail populations, which act as intermediate hosts for the Fasciola hepatica parasite (DE WAAL et al., 2007; PAZ-SILVA et al., 2007) .
In this context, Freitas et al. (2012) conducted a study in an area with the presence of snails of the genus Lymnaea located in the Alegre city, and using variables such as waterbody, slope, floodplains and grasslands, generate vulnerability maps for the occurrence of the disease and attributed all sites sampled in areas of greatest vulnerability risk, with percentages ranging 25-31%. In another study, Freitas et al. (2014) observed through a zoning distribution for risk areas for fasciolosis that 52.24% of the entire state is in areas at risk for occurrence and survival of F. hepatica.
The Southern Espírito Santo is an area notoriously known for incidence of bovine
Climate change on the forecasted risk of bovine fasciolosis in Espírito Santo state, Brazil fasciolosis. In a study by Bernardo et al. (2011) with data from a slaughterhouse in the Atilio Vivácqua city, 27.625 livers were condemned due to fasciolosis, representing a prevalence of 24.89% between the years 2006 to 2009. Freitas et al. (2014) also found high percentages of prevalence, being recorded mainly in the southern region of the state, with percentages ranging from 0.01 to 28.41%. Alves et al. (2011) observed in 717 stool specimens collected on properties in the region a cumulative frequency of 21.33% positive for disease cases. These data demonstrate the serious problems that fasciolosis leads on local production and highlight the importance of generating risk maps for disease.
Regarding the data of temperature and precipitation, there are locations where the current temperatures are above the limiting range for F. hepatica survival. But when these locations are combined with a high rainfall site, they will tend to tolerate future changes in risk patterns because the rain factor alone cannot be considered restrictive (FOX et al., 2011) .
However, Rapsch et al. (2008) observed that in addition to the temperature and rainfall factors, others factors, such as moisture and soil conditions, have similar effects on F. hepatica survival. In this sense, not even the temperature factor alone can be considered limiting to the parasite or the development of its host. In the present study, we noted that areas that present the highest risks for disease transmission are located precisely in regions with average temperatures that are suitable for the development of the parasite and its intermediate hosts, which proves the correctness of the model.
It is known that increases in average global temperatures can directly influence the rainfall rates in certain regions. The effects of temperature and rainfall on the free-living stages of the parasite could potentially determine the abundance of the parasite load in certain animals, due to changes in regional climate conditions. Van Dijk et al. (2008) found clear evidence that gradual increases in average temperatures could influence the seasonal abundance and spatial distribution of various parasites throughout the UK. Durr et al. (2005) also found evidence of a relationship between increased temperatures (and subsequently increased rainfall) and the progression of fasciolosis prevalence in Melbourne, Australia.
Several studies on predicting the risk for fasciolosis have been undertaken in various regions worldwide. Many studies have suggested an increased risk for future disease, which is attributed to possible climate change ( VAN DIJK et al., 2008; MAS-COMA et al., 2009 ).
The present study differs from the findings mentioned above because the data on fasciolosis indicated a decrease in the high-risk (R3) and very high-risk (R4) areas and an increase in low-risk areas (R1), as shown in Table 2 . Thus, it is possible to observe that a temperature increase of 5°C favors a decrease from 35.42% to 33.84% in the very high-risk areas in the coastal regions and an increase from 24.65% to 28.26% in the low-risk areas throughout Espírito Santo state, Brazil (Figures 3 to 8) . Fox et al. (2011) found an unprecedented change for fasciolosis in the UK, in places where high temperatures were combined with low rainfall, may reflect a reduction in the risk for bovine fasciolosis by the year 2040. This possible reduction in areas R3 and R4 can be explained by the fact that rising temperatures in certain regions favor higher evaporation and transpiration rates in areas that are commonly flooded during the rainy seasons. It is known that high temperatures will lead to reduced moisture and consequently fewer wetlands (CRUZ-MENDOZA et al., 2005; FUENTES et al., 2006) . This factor is considered important because these areas are fundamental for the development of Lymnaea snails and also for the survival of the larval forms of F. hepatica (TUM et al., 2004; FUENTES et al., 2006; DE WAAL et al., 2007; BENNEMA et al., 2011 ).
Rising temperatures may also limit the areas of livestock grazing, leading to a possible decreased risk of contamination to the flock. Regions where the grazing season may be reduced will lead to an increase in low-risk areas (R1), because according to Bennema et al. (2011) in proportion to food shortages coupled with the reduction of the length of the grazing season, can influence directly the contamination of the animals by metacercariae, which are the infective stage of the parasite encysted.
The time pasture can also be considered a risk factor, because animals who spend long periods feeding are subject to greater exposure due to the presence of metacercariae from the environment (KANTZOURA et al., 2011 ).
Increasing temperatures may also limit the areas that are available for livestock grazing, which will lead to an eventual decreased risk of contamination in herds. An increase in the number of regions where the grazing season is reduced will lead to an increase in low-risk areas (R1). According to Bennema et al. (2011) , food shortages that are coupled with a reduced duration of the grazing season can directly influence animals contaminated by metacercariae, which is the parasite's infective encysted stage.
The amount of time spent on pasture lands can also be considered to be a risk factor because animals that spend long periods feeding are subject to more exposure due to the presence of metacercariae that have been deposited in the environment from the feces of animals that are contaminated by the parasite (KANTZOURA et al., 2011) . In this context, Rapsch et al. (2008) classified risk according to the temperature of the environment in which the eggs were discovered and found that there was a potential temperature threshold for F. hepatica egg survival. These findings suggest that the risk tends to slowly decrease for temperatures above 25°C, and in areas where the temperatures reach 30°C or more, there will be a rapid negative trend in the risk for each increased degree in the temperature.
Climate change on the forecasted risk of bovine fasciolosis in Espírito Santo state, Brazil the animals by metacercariae, which are the infective stage of the parasite encysted.
The time pasture can also be considered a risk factor, because animals who spend long periods feeding are subject to greater exposure due to the presence of metacercariae from the environment (KANTZOURA et al., 2011) . Although the results exhibited fewer areas of risk for F. hepatica in Espírito Santo state, Brazil, given the possible effects of climate change, these findings only reflect the trends predicted by the future forecast model. However, the risk maps generated in this study provide a valuable tool for controlling and reducing the risk of fasciolosis. It is also noteworthy that other factors must be involved in these Although the results exhibited fewer areas of risk for F. hepatica in Espírito Santo state, Brazil, given the possible effects of climate change, these findings only reflect the trends predicted by the future forecast model. However, the risk maps generated in this study provide a valuable tool for controlling and reducing the risk of fasciolosis. It is also noteworthy that other factors must be involved in these predictions, including differences between current and temporal scales, possible anthelmintic drug resistance, the acclimation of parasites or their hosts over time, and their interactions with the environment.
